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(54) Semiconductor laser device 

(57) Optical guide layers (4, B) are formed on both 
faces of the active layer (6), respectively, which optical 
guide layers have a band gap wider than that of the ac- 
tive layer (6), an n-type cladding layer (3) and a p-type 
cladding layer (9) respectively formed so as to sandwich 
the active layer (6) and the optical guide layers (4. 8) 
thg rebel ween, which cladding layers have a band gap 
wider than those of the optical guide layers (4, 8). and 
carrier blocking layers (5. 7) are respectively formed be- 
tween the active layer (6) and the optical guide layers 
(4. 8), which carrier blocking layers have a band gap 
wider than those of the active layer (6) and the optical 
guide layers (4, 8). The refractive index of the p-type 
cladding layer (9) is lower then that of the n-type clad- 
ding layer (3). With such constitution inner losses are 
limited to a low level, as free carrier absorption is re- 
duced, and the electric and thermal resistances of a 
semiconductor laser device are reduced, with the result 
that the laser device Is enhanced in efficiency and output 
power. 



FIG. 7 
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Description 

[0001] The present Invention relates to a semiconduc- 
tor laser device capable of operating at high efficiency 
and high output power, which is preferably used in the 
fields of communication, printing, laser medical treat- 
ment, laser beam machining and the like. 
[0002] For the purpose of enhancing an output power 
or a semiconductor laser, the applicant of the present 
application has proposed a semiconductor laser which 
is provided with carrier blocking layers having a wide 
bnnd gap and a small thickness on both sides of an ac- 
tive layer, whereby the design freedom of a band gap of 
h cladding layer formed outside the carrier blocking lay- 
er is increased (WO 93/16513). 
[ooo3j in such a configuration, the carrier blocking 
in/or has a function of confining an injected carrier in 
ihc achve layer ©fficieniry and the carrier blocking layer 
ts lormcd mio a thin shape, so that light generated in the 
cid'vo fciyer can pass through the carrier blocking layer 
and leak out easily to an optical guide layer which is dis- 
posed outside. Therefore, it is possible to avoid cata- 
strophic optical damage which occurs due to a localiza- 
tion of laser light on an emission facet of a semiconduc- 
tor laser, and raiso the breakdown level of a facet, with 
the result that an operation at high output power can be 
realized 

[0004] In order to fabricate a sem iconductor laser de- 
vice ol higher efficiency, it is important to decrease loss- 
es, among which an inner loss depends on free carrier 
absorption to a large extent. In this free carrier absorp- 
tion, a p4ype layer is more involved than an n-type layer. 
In the case of using GaAs, for example, the free carrier 
absorption coefficient Of fl [cm- 1 ] is expressed by formula 
(1) as shown below (see page 85, *Sem (conductor La- 
ser - basis and application -/ edited by Ryotchi ITO and 
Michiharu NAKAMURA): 

a fc - 3 x 10' 19 . n + 7 x 10' 18 . p (1) 

wherein n denotes the concentration of an n-type 
carrier and p denotes the concentration of a p-type car- 
rier. It is apparent from formula (1 ) that the free carrier 
absorption coefficient c*f C is proportional to the concen- 
tration of carriers and the p-iype layer is involved in free 
carrier absorption twice as much as the n-type layer or 
more. 

[0005] In order to fabricate a semiconductor laser de- 
vice of further higher efficiency and higher output power, 
it ts important to limit the electric resistance and thermal 
resistance of the device to a low level. When the electric 
resistance is high, the energy conversion efficiency is 
docrcascd due totho generation of Joule's heat and the 
like. Moreover, since the temperature of the device ris- 
es, a threshold current is increased and an output power 
is decreased due to heat saturation. 



[0006] It is an aim of the Invention to provide a semi- 
conductor laser device of high efficiency, by reducing 
free carrier absorption so as to limit Inner losses to a low 
level. 

* [0007] It is another aim of the invention to provide a 
semiconductor laser device of high efficiency and high 
output power, by reducing the electric resistance and the 
thermal resistance of the device. 
[0008] The invention provides a semiconductor laser 

10 device Including a plurality of sequentially formed lay- 
ers, comprising; 

a first cladding layer, 
a first optical guide layer, 
is a first carrier block layer, 
an active layer, 

a second carrier blocking layer, 
a second optical guide layer, 
a second cladding layer, 

zo band gaps of the first and second optical guide lay- 
ers being wider than that of the active layer, 
band gaps of the first and second cladding layers 
being wider than those of the first and second opti- 
cal guide layers, 

25 band gape of the first and second carrier blocking 
layers being wider than those of the first and second 
optical guide layers, 

one of the first and second cladding layers being of 
p-type, the other being of n-type. 
30 wherein a refractive index ol the p-type cladding lay- 
er is lower than that of the n-type cladding layer. 

[0009] According to the invention, the p-type cladding 
layer is made so as to have a lower ref raclh/e index than 

35 that of the n-type cladding layer, whereby a wave guide 
mode will be pushed out to the side of the n-type clad- 
ding layer having a higher refractive index. Therefore, it 
is possible to reduce the distribution amount of light at 
the p-type cladding layer and the optical guide layer ad- 

40 jacent thereto which are involved in free carrier absorp- 
tion more than the n-type layers, with the result that the 
efficiency of the laser device Is enhanced with decrease 
in inner losses. 

[0010] Further, in the invention It Is preferable that a 
45 thickness of the p-type cladding layer is smaller than that 
of the n-type cladding layer. 

[0011] According to the invention, the p-type cladding 
layer is thin, whereby the electric resistance of the p* 
type cladding layer itself is decreased. In general, the 

so electric resistance of a p-type layer is higher than that 
of an n-type layer, and a cladding layer is likely to be the 
thickest of all the layers which constitute a semiconduc- 
tor laser, so that the electric resistance of the p-type 
cladding layer makes up the largest portion of a total of 

$5 electric resistance. Therefore, it is possible to largely re- 
duce the total of electric resistance by reducing the elec- 
tric resistance of the p-type cladding Jay sr. Moreover, 
since the generation amount of Joule heat is also de- 
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creased, the temperature in the overall device Is pre- 
vented from rising and the energy conversion efficiency 
Is improved. In addition, the maximum output power, 
which is restricted by heat saturation, is also increased. 
Accordingly, a semiconductor laser of high efficiency 
and high output power can be implemented. 
[0012] Further, the p-type cladding layer is thin, 
whereby the thermal resistance of the p-type cladding 
layer Itself is also decreased. In a semiconductor laser 
device in general, respective layers are formed on an n- 
type substrate, and are usually adhered by junction 
down fn order to enhance an efficiency of heal radiation, 
so that the layers formed on the side of the p-type layer 
are adhered on a mount. In a case where the p-type lay- 
ers are adhered on the mount, heat generated in the 
active layer escapes to the mount through the p-type 
layerhaving a tow thermal resistance, with the result that 
the heat is smoothly radiated and the temperature In the 
overall device can be prevented from rising. 
[001 3J still further, the p-type cladding layer is formed 
into a thin shape, whereby the distance between the top 
face and the active layer is shortened. Therefore, in the 
case where a window or stripe structure ia embedded 
by Ion implantation or the like, an acceleration voltage 
on ion implantation is towered, and damage to the laser 
device can be reduced. As a result, the semiconductor 
laser device Is enhanced in reliability and output power. 
[0014] Other and further features, and advantages of 
the Invention will be more explicit from the following de- 
tailed description of an exemplary embodiment and the 
accompanying drawings wherein: 

Fig. 1 Is a view showing an embodiment of the in- 
vention; 

Fig. 2 Is a graph showing wave guide modes of the 
embodiment and a reference example; 
Fig. 3 is a graph showing electric resistances of the 
embodiment and the reference example; and 
Fig. 4 is a graph showing thermal resistances of the 
embodiment and the reference example. 

[0015] Now referring to the drawings, preferred em- 
bodiments of the invention are described below. 
[001 6] Fig. i is a view showing an embodiment of the 
invention, in this semiconductor laser device, a buffer 
layer 2 made of n-GaAs (thickness i = 0.5 u.m), an n- 
type cladding layer 3 made of n-AIGaAs (A! composition 
ratio x = 0.38, refractive Index Nn = 3.354. t m 1.1 pm), 
an optical guide layer 4 made of n-AIQaAs (x = 0.2, t = 
0.5 urn), a carrier blocking layer 5 made of n-AIGaAs (x 
= 0.5, t = 0.02 u.m)« a double quantum well active layer 
6 composed of a non-doped InGaAs well layer (In com- 
position ratio y = 0.2. t = 0.008 um) / a non-doped Al- 
GaAs barrier layer (Al composition ratio x 0.2, t = 0.006 
um), a carrier blocking layer 7 mads or p.AIGaAs (x = 
0.5, t = 0.02 urn), an optical guide layer 9 made of p- 
AKSaAs (x =5 0.2, t = 0.5 urn), a p-type cladding layer 9 
made of p-AiGaAs (x = 0.7, refractive index Np = 3. 1 66, 
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t = 0.5 um), a current blocking layer 10 made of n-GaAs 
(t = 0.3 um) having a stripe-like window, and a contact 
layer n made of p-GaAs (t = 1 urn) are sequentially 
formed on a substrate 1 made of n-GaAs. by using the 

s MOCVD (Meta) Organic ChemieaJ Vapor Deposition) 
method or the like. On the bottom face of the substrate 
1 and the top face of the contact layer 11 are formed 
electrodes 1 3, 12. respectively. 
[0017] AIGaAs type materials have a tendency of the 

w band gap to widen with increase in Al composition. In 
the embodiment, the band gaps of the optical guide lay- 
ers 4, 8 are wider than that of the active layer 6, the band 
gaps of the cladding layers 3, 9 are wider than those of 
the optical guide layers 4, B, and the band gaps of the 

15 carrier blocking layers 5, 7 are wider than those of the 
optical guide layers 4, 8, 

[DDI 8] Next, the operation of the semiconductor laser 
device will be described. When a positive bias voltage 
is applied to the electrode 1 2 ofthe contact layer 1 1 and 

20 a negative bias voltage is applied to the electrode 1 3 of 
the substrate 1 , an electric current flows from the contact 
layer 11 to the substrate 1 , and passes through only a 
region where the current blocking layer 1 0 is not formed, 
i.e., through the etrlpe-like window, whereby the electric 

£5 current density is Increased. 

[0O19] The electric current is fcnjected into the.active 
layer 6 as a carrier, and then the carrier re-combines to 
emit light. Further, as the injection amount of current in- 
creases, induced emission starts, and finally laser os- 

30 dilation starts to occur between facets which construct 
an optical resonator, in the vertical direction on the sheet 
of Fig. 1 . The laser light is distributed through the opticaJ 
guide layers 4. 8 and the cladding layers 3, 9 disposed 
on both faces of the active layer 6, and is then guided. 

35 on the other hand, the carrier in the active layer 6 is 
confined in the active layer due to the existence of the 
carrier blocking layers 5. 7, so that an improvement in 
recombination efficiency is attained. 
[0020] Next, a reference example will be described as 

40 a comparative object. A semiconductor laser device of 
the reference example is formed in accordance with the 
embodiment of Fig. 1, while the refractive index and 
thickness of the n-lype cladding layer 3 are identical to 
those of the p-type cladding layer 9, wherein the refrac- 
ts tive index is 3.354 and the thickness t is 1.1 um. 

[0021] Fig. 2 is a graph showing wave guide modes 
of the embodiment and the reference example. The hor- 
izontal axis indicates positions in the direction of layer- 
thickness with respect to the active layer 6 (unit: ujm). 

so and the vertical axis indicates intensities ol light (arbi- 
trary unit, linear). It Is apparent from this graph that in 
the embodiment (shown by a 3olId line), the p-type clad- 
ding layer is formed so ae to have a refractive index low- 
er than that of the n-type cladding layer, whereby a wave 

ss guide mode ofthe embodiment Is pushed out to the side 
of the n-type layer (negative side) as a whole, as com- 
pared with the reference example (shown by a dotted 
line). This configuration decreases the distribution 
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amounts of wave guide mode at the p-rype guide layer 
and at the p-type cladding layer, thereby making It pos- 
sible to decrease inner lasses due to free carrier absorp- 
tion. 

[0022] The embodiment herein shows a case where 
both the refractive index and the thickness of the n-lype 
cladding layer 3 are different from those of the p-type 
cladding layer 9. However, even when the cladding lay- 
ers have the same thickness and different refractive in- 
dices from each other, a wave guide mode will be shown 
by the same solid line of Fig. 2, and free carrier absorp- 
tion ai the p-type guide layer and the p-type cladding 
layer can be reduced in the same fashion. 
[0023] Fig. 3 is a graph showing the electric resistanc- 
es of the embodiment and the reference example, 
wherein the vertical axis Indicates the electric resistance 
(fi) and the order of layers as shown In Fig. 1 is turned 
upside down. It Is apparent from this graph that among 
the respective layers constructing a semiconductor la- 
ser, tha p-type cladding layer has ihB highest electric 
resistance. Moreover, it is apparent that in the embodi- 
ment, the p-type cladding layer is made so as to have a 
smaller thickness than that of the n-type dadding layer, 
whereby the electric resistance of the p-type cladding 
layer can be decreased to about 60 % as compared with 
the reference example, and the whole electric resist- 
ance can be also reduced to a large extent. 
[0024] Fig. 4 is a graph showing the thermal resist- 
ances of the embodiment and the reference example, 
wherein the vertical axis indicates the thermal resist- 
ance (K/ W) and the order of layers as shown in Fig. 1 
is turned upside down. It is apparent from this graph that 
among the respective layers constructing a semicon- 
ductor laser, tne p-type cladding layer and the n-type 
cladding layer have considerably high thermal resist- 
ances. Moreover, it is apparent that in the embodiment, 
the p-type cladding layer is made so as to have a smaller 
thickness than that of the n-type dadding layer, whereby 
the thermal resistance of the p-type cladding layer can 
be decreased to about 40 % as compared with the ref- 
erence example, and the whole thermal resistance can 
be aiso reduced to a large extent. In particular, in a case 
where a semiconductor laser is mounted by junction 
down, the embodiment will be advantageous because 
the thermal resistance on the side of the p-type layer of 
the active layer is decreased. 

[0025] The invention may be embodied In other spe- 
cific forms without departing from the spirit or essential 
characteristics thereof. The present embodiments are 
therelore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being in- 
dicated by the appended claims ratherthen by the fore- 
going description and all changes which come within the 
meaning and the range of equivalency of the claims are 
therefore intended to be Bmbraced therefn. 
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A semiconductor laser device Including a plurality 
of sequentially formed layers, comprising: 

a first cladding layer (2), 
a first optical guide layer (4), 
a first carrier block layer (5), 
an active layer (6), 
a second carrier blocking layer (7), 
a second optical guide layer (8), 
a second cladding layer (9), 
band gaps of the first and second optical guide 
layers being wider than that of the active layer, 
band gaps of the first and second cladding lay- 
ers being wider than those of the first and sec- 
ond optica! guide layers, 
band gaps of the first and second carrier block- 
ing layers being wider than those of the first and 
second optical guide layers, 
one of the first and second cladding layers be- 
ing of p-type, the other being of n-type, 
wherein a refractive index of the p-type clad- 
ding layer Is lower than that of the n-type clad- 
ding layer. 

The semiconductor laser device of claim 1 , wherein 
a thickness of the p-type cladding layer Is smaller 
than that of the n-type cladding layer. 
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FIG. 2 
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FIG. 3 
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(57) Optical guide layers (4, 8> are formed on both 
faces of the active layer (6), respectively, which optical 
guide layers have a band gap wider than that of the ac- 
tive layer (6), an n-rype cladding layer (3) and a p-type 
cladding layer (9) respectively formed so as to sandwich 
the active layer (6) and the optical guide layers (4, 8) 
therebetween, which cladding layers have a band gap 
wider than those of the optical guide layers (4, 8), and 
carrier blocking layers (5, 7) are respectively formed be- 
tween the active layer (6) and the optical guide layers 
(4, B), which carrier blocking layers have a band gap 
wider than those of the active layer (6) and the optical 
guide layers (4, B). The refractive index of the p-type 
cladding layer (9) is lower than that of the n-type clad- 
ding layer (3). Witn such constitution Inner tosses are 
limited to a low level, as free carrier absorption is re- 
duced, and the electric and thermal resistances of a 
semiconductor laser device are reduced, with the result 
thatthe laserdevlcets enhanced in efficiency and output 
power. 
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